We obtain tight limits on possible W W γ anomalous couplings from the anal- 
I. INTRODUCTION
Despite the impressive agreement of the Standard Model (SM) predictions for the fermion-vector boson couplings with the experimental results [1] , the couplings among the gauge bosons are not determined with the same accuracy. The SU L (2) × U Y (1) gauge structure of the model completely determines these self-couplings, and any deviation can indicate the existence of new physics beyond the SM.
The effective Lagrangian approach is quite useful to describe and explore the consequences of anomalous triple vector boson couplings. After integrating out the heavy degrees of freedom, anomalous effective operators can represent the residual interactions in the electroweak symmetry-breaking sector. A general set of allowed operators, respecting the local SU L (2) × U Y (1) symmetry linearly realized, involves both vector gauge bosons (V ) and Higgs scalar field (H) [2, 3] . A naturalness assumption [3] on the coefficients of these effective operators indicate that the anomalous V V V and HV V should be related between each other.
Searches for deviations on W W γ couplings have been carried out at different colliders and recent results [4] include the ones by CDF [5] , and DØ Collaborations [6] . Forthcoming perspectives on this search at LEP II CERN Collider [7, 8] , and at upgraded Tevatron Collider [9] were also reported.
In this Letter, we show that the analysis of an anomalously coupled Higgs boson production at the Fermilab Tevatron is able to furnish tighter bounds on W W γ than the present available limits. We study the associated HV process
and the vector boson fusion process,
with the present 100 pb −1 of integrated luminosity already collected by the Fermilab Tevatron collaborations. Assuming the so-called HISZ relations [3] for the coefficients of the effective operators, we impose a limit on the coefficient of the W W γ interaction, In Sec. II, we discuss the effective operators that describe the bosonic anomalous interactions and we present the main features of our calculation. Section III shows our results and conclusions.
II. EFFECTIVE OPERATORS AND HIGGS BOSON AT TEVATRON
A general set of dimension-6 operators that involve both vector gauge bosons and Higgs scalar doublet, respecting local SU L (2) × U Y (1) symmetry, and C and P conserving can be written as [2, 3] 
where we have ignored the operators that affects only the Higgs or vector boson selfinteractions. The anomalous operators O i are defined as,
In the unitary gauge, the Higgs field doublet is 
At the Fermilab Tevatron collider, the Higgs boson can be produced via the gluon fusion mechanism which is roughly 5 to 10 times larger than both the associated production (qq ′ → W H, ZH) or the vector boson fusion process (W W, ZZ → H) for a Higgs boson mass in the range 100 < M H < 200 GeV [11] . Nevertheless this mechanism has an overwhelming QCD background since the Higgs boson decays into a bb pair in this mass range. In the associated production, one can take advantage of the leptonic decay of the W/Z vector boson which provides a good trigger for the event. In this case, the main sources of background are W bb, Zbb, W Z and ZZ followed by the decay Z → bb, and also the tt production.
We consider in this Letter the decay of the Higgs boson in two photons which is generated by the effective operators (3). This channel in the SM occurs at one-loop level and it is quite small, but due to the new interactions it can become dominant. We explored the signatures ℓνγγ, ℓℓγγ, and j j γγ, coming from the reactions (1) and (2).
We have included in our calculations all SM (QCD plus electroweak), and anomalous contributions that lead to these final states. Neither the narrow-width approximation for the Higgs boson contributions, nor the effective W boson approximation were employed.
Therefore, we consistently include the effect of all interferences between the anomalous signature and the SM background. A total of 134 (46) SM (anomalous) Feynman diagrams are involved in the subprocesses for ℓℓ(ν)γγ [12] , while 1928 (236) participate in the j j γγ signature [13] . The SM Feynman diagrams corresponding to the background subprocess were generated by Madgraph [14] in the framework of Helas [15] . The anomalous couplings arising from the Lagrangian (3) were implemented in Fortran routines and were included accordingly. We have used the MRS (G) [16] set of proton structure functions with the scale
The cuts applied on the final state particles are similar to the analyses of Ref. [17] :
|η γ,ℓ,j | < 2.5, and p T γ > 10 GeV, p T ℓ > 20 GeV, p T j > 15 GeV, and for the channels
We have also required the isolation of the jets and photons: |∆R jj | > 0.7, and |∆R jγ | > 0.7. We assumed an invariant-mass resolution for the two-photons of ∆M γγ /M γγ = 0.15/ M γγ ⊕ 0.007. Both signal and background were integrated over an invariant-mass bin of ±2∆M γγ centered around M H .
The signature of the j j γγ process receives contributions from both associated production and W W/ZZ fusion, which are dominant for different regions of invariant mass of the two jets. For the sake of illustration, we show in Fig. 1(a) the invariant mass distribution of the two photons for M H = 70 GeV and f BB /Λ 2 = 100 TeV −2 , without any cut on M γγ or M jj .
We can clearly see from Fig. 1(b) that after imposing the Higgs mass reconstruction, there is a significant excess of events in the region M jj ∼ M W,Z corresponding to the process of associate production (1). It is also possible to distinguish the tail, corresponding to Higgs production from W W/ZZ fusion (2), for M jj > 100 GeV.
We isolate most of the events due to associated production (and the corresponding background) by integrating over a bin of width ±2∆M jj centered on the W or Z mass. Assuming a resolution for two-jet invariant-mass of ∆M jj /M jj = 0.80/ M jj ⊕ 0.03, this cut is equivalent to 65 GeV < M jj < 105 GeV. In order to isolate the fusion events, we required that M jj > 100 GeV.
III. RESULTS AND CONCLUSION
We present our results for two different scenarios of the anomalous coefficients (3): (i)
No pure V V V anomalous coupling, i.e. f BB,W W = f , and f B,W = 0; (ii) Naturalness or HISZ scenario [3] , f BB,W W,B,W = f . In order to establish the bounds on the coefficients that can be extracted from the Tevatron data, we imposed an upper limit on the number of signal events based on Poisson statistics. In the absence of background this implies N signal < 1 (3) at 64 % (95%) CL. In the presence of background events, we employed the modified Poisson analysis [18] . The limit on the number of signal events is conservatively obtained assuming that the number of observed events coincides with the expected background. In with 10 fb −1 [9] , and from LEP II operating at 190 GeV with an integrated luminosity of 500 fb −1 [8] . In all cases the results were obtained assuming the HISZ scenario. We can see that, for M H < ∼ 200 GeV, the limit that we have established at 95% CL from the Higgs production analysis, based on the present Tevatron luminosity is tighter than the expected limit coming from gauge boson production at the upgraded Tevatron or at LEP II.
When the same analysis of the anomalous Higgs production is performed for the upgraded Tevatron, a more severe restriction on the coefficient of the anomalous operators are obtained. For instance, from the reaction pp → j j γγ, in the HISZ scenario, for M H = 100 (300) GeV, assuming 1 fb −1 , the bound on f /Λ 2 , is −5.7 (−13) < f /Λ 2 < 17 (22) TeV −2 , which implies a bound 0.037 (0.084) < ∆κ γ < 0.11 (0.14).
In conclusion Desenvolvimento Científico e Tecnológico.
